TAP 413- 4: The cyclotron

Background

In a cyclotron, protons are kept moving in a circular path by a uniform magnetic field at right angles to the plane of the path.
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The American physicist E O Lawrence designed and built the first cyclotron in 1930. For this achievement, he was awarded the Nobel Prize for physics in 1939. Only a few centimetres in diameter, the Lawrence cyclotron accelerated protons to energies of 80 keV.

Questions

You will need the following data:

mass of proton = 1.7 x 10–27 kg

charge on proton = 1.6 x 10–19 C

1.
What is the velocity of a proton with an energy of 80 keV?

2.
The largest possible path had a radius of about 50 mm. What strength of magnetic field must have been used? 

3.
What would be the radius of the path followed by a proton with half this maximum energy in the same field? 

4.
How long would it take 80 keV protons to travel once round their path? How long would it take for those with half this energy?

Constructed of two D -shaped chambers (later called ‘dees’ because of their shape), the cyclotron worked by giving particles of any energy, on their respective paths, a push every time they had completed half an orbit.
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5.
How was it possible for particles of differing energy all to be accelerated together? 

